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large capillaries of a sinusoidal character, which come into close contact with the cells. The pars anterior receives no fewet than eighteen to twenty small arteries which converge into it from the circle of Willis; the veins pass away along the stalk (Dendy and Goetsch). In some animals, as in the skate, many of the cells of the pars anterior are columnar, and are set around the blood sinuses like an epithelium around Median sagittal section through pituitary of monkey; semi-diagrammatic (Herring). a, optic chiasma; b, third ventricle; c, g, pars intermedia; d, epi. thelium of pars intermedia extending round neck of pars nervosa; e, pars glandularis seu epithelialis; f, intraglandular cleft, lying between pars glandularis (e) and pars intermedia (g); h, pars nervosa. gland alveoli (Gentes, Herring). In the tortoise columnar cells surround closed acini or tubules, which contain a colloid substance. Such vesicles are common in myxcedema ( fig. 4 ), and they have also been described after thyroidectomy. Similar vesicles occur normally in the pars a ,..,.A. N.;
.... xxxvi Schafer: Discussion on Disease of Pituitary Body intermedia, and are also increased in number and size after thyroidectomy. According to Edinger, there exist lymphatic spaces in the pars anterior closely surrounding the cell columns; he regards them as furnishing a means by which the secretion of the cells passes into the general system. It is, however, more probable that the products of secretion are taken up directly into the blood-vessels. Pars intermedia.-This is also epithelial in character ( fig. 5 ), but the cells are less coarsely granular than those of the pars anterior, and stain less deeply. Some are to be seen in process of transformation into the Cells of pars glandularis of cat. Photograph magnified 500 diameters (Herring). The section was fixed with Flemming's solution and stained with eosin and picrofuchsin. "hyaline bodies" of Herring, which pass into the adjoining part of 'the pars nervosa. There is, in the pars intermedia, a greater tendency to arrangement into vesicles than in the pars anterior, and the vesicles are distinctly reminiscent of thyroid structure, but they do not enclose a colloid identical with that of the thyroid, although the same name has been given to the material found within them. One noteworthy difference is that the pituitary never contains iodine, which is so characteristic of the secretion of the thyroid (Sutherland Simpson,
Andrew Hunter). Colloid may also be detected, according to Professor and Mrs. A. S. Griinbaum, in the blood-vessels of both the pars anterior and pars intermedia of the human pituitary, although they failed to find it in thepars nervosa. It certainly, however, occurs in the interstices of the latter, as Halliburton and his fellow-workers have shown ( fig. 6 ). The pars intermedia has far fewer vessels than the pars anterior ( fig. 3) , and is provided with true capillaries, which are less closely related to the cells than is the case with the sinusoids of the pars anterior. Median sagittal section of pituitary body of cat with blood-vessels injected. Photograph (Herring). a, optic chiasma; b, tongue-like process of gland extending forward towards chiasma; c, third ventricle; d, pars glandularis; e, extension of pars intermedia around pars nervosa (f); g, artery entering pars nervosa; h, vein of pars nervosa.
Pars nervosa.-This abuts upon the pars intermiedia near the transverse cleft in the gland. Elsewhere it is in most animals almost surrounded by an extension of the pars anterior and pars intermedia. The pars nervosa is composed of neuroglial tissue without true nerve cells and with few vessels. In many animals, but not in man, it xxxviii Schafer: Discussion on Disease of Pituitary Body contains, as already stated, an extension of the infundibular cavity. In birds and reptiles this is convoluted or branched, simulating the appearance of a duct or ducts. Numerous granules and masses of hyaline substance, which are obviously derived from the cells of the pars intermedia, from which they can be traced, are seen in the interstices of the pars nervosa ( fig. 7 ), and can be followed in it into the infundibulum (or into its extension in animals), and thus into the cerebrospinal fluid. The granules are especially conspicuous and numerous in birds. The pars nervosa also usually contains a large number of pigment granules. CHANGES UNDER ABNORMAL CONDITIONS PRODUCED EXPERIMENTALLY OR BY DISEASE.
As-Jhas already been noted, renmarkable alterations occur in the pituitary as the result of thyroidectomy, and similar changes appear to result in cases of atrophy of the thyroid. The following have been described after thyroidectomy:-(1) Enlargement of the whole pituitary.
(2) Presence of colloid substance in vesicles in the pars anterior and a great increase in that of the pars intermedia. This colloid substance Sections of Neiurology and Ophthalmology xxxix differs, however, as already stated, from that of the thyroid in never containing iodine.
(3) A great increase in the number of hyaline bodies in the pars internfedia and pars nervosa right up to the extension of the cavity of the third ventricle into the gland ( fig. 8 ). It is not easy to explain these changes on physiological grounds, because the functions of the two glands are by no means identical, nor f XI Schafer: Discussion on Disease of Pituitary Body are they in most respects similar. It would, however, appear that both are connected in some way with growth and general nutrition, and especially with sexual development, for it is observed that in cases of removal or destructive changes in either gland, there is produced in young animals a stunting of growth and a condition of sexual infantilism, with a tendency to mental dullness and adiposity at all ages.
A connexion between the sexual glands and the pituitary is further to be found in the fact that castration has been found by most observers to be followed by hypophysial hypertrophy. Erdheim describe enlargement of the pituitary in pregnancy. The change chiefly affects the pars anterior, in which these authors have noted the appearance of peculiar, large, finely granular cells which they have termed "pregnancy cells." But the greatest enlargement of the pituiitary is found in giants and acromegalics. The skeleton of giants has long been known to be characterized by a disproportionately large sella turcica, and there seems little doubt that the enlarged pituitary is associated with the abnormal growth met with in giantism. The hypertrophy is believed to be confined to the pars anterior. There is also a marked enlargement of the anterior lobe in acromegalics. This enlargement usually constitutes a definite tumour, which, primarily at any rate, seems to be caused by a hyperplasia of the glandular substance-(adenoma, Benda)-although this may ultimately undergo degenerative destruction, or may even become malignant in character. If other than glandular tumours occur primarily in the pituitary, they do not appear to be associated with acromegaly. The most probable explanation of the unusual development of the skeleton in both giants and Section of part of posterior lobe of pituitary of cat (Herring). a, ependyma cells lining the central cavity (extension of infundibular process of third ventricle) ; b, central cavity with hyaline substance; d, byaline bodies between neuroglial fibres of pars nervosa; e, a granu'lar body in pars nervosa. acromegalics is that the par-s anterior normally produces and gives off to the blood a hormone which stimulates the nutrition and growth of the bones,. and that when the gland becomes hypertrophied this hormone is produced in unusual amount. It is usually believed that the difference between the giant and the acromegalic is that in the former the hypertrophy of the gland has,commenc.ed before the epiphyseal cartilages are ossified, and whilst the long bones are still capable of growth in length, while in-the acromegalic the hypertrophy has not comnmenced until after the ankylosis of these cartilages (Tamburini, Woods-H utchinson This has been investigated experimentally by methods of removal and by methods of addition-i.e., by administration of extracts of the gland or by its implantation. Regarding the effects of removal, the evidence is conflicting. Two modes of operation have been generally employed in animals (dogs)-viz., (1) that of Horsley, who gets at the gland through the roof of the mouth and the base of the skull; and (2) that of Paulesco, who attacks it fron the side by aid of free openings through both temporal regions of the skull and elevation of the hemispheres. By the latter method it is more easy to see what is happening, while by the former there should be less interference with the brain itself. Nevertheless, it is stated by Paulesco that if the samie amount of interference with the brain be intentionally produced without removal of the pituitary no obvious result follows from such interference. Some experimenters, amongst whom may be especially mentioned Paulesco and Harvey Cushing, state that removal of the gland is nearly always, if not invariably, followed by death; which often occurs within two or three days, although the animal, especially if young, may live as long as two or three weeks. Paulesco states that mere detachment from the infundibulum, Cushing that removal of the pars anterior alone, is fatal.
According to Cushing, the animals become lethargic, with feeble pulse and limp muscles. They sometimes exhibit symptoms of tetany; their temperature becomes reduced, and they eventually die in a comatose condition. To this complex of symptoms he has given the name "cachexia hypophyseopriva." Young animals wbich survive extirpation have their growth retarded, and their sexual activity remains undeveloped (Cushing, Benedict, and Homans). Other experimenters-e.g., Horsley and Handelsmann-assert that total removal is not fatal, death when it occurs being due to complications of the operation, and that the extirpation may be unaccompanied by any adverse symptoms. Still less, therefore, according to these observers, will removal of a part only or the mere detachment from the infundibulurn prove fatal. On the other hand, Aschner, who also finds that complete extirpation is not fatal (buccal method), states that his animals, if young, remained small and infantile; their milk teeth were retained and also their lanugo hair; their epiphyses did not ankylose, and their,temperature was 1 to 1-50 C. lower. than normal. The thyroid was enlarged, and showed increase of colloid. The cortex of the suprarenal was thickened. The thymus was enlarged. Similar observations are recorded bv Ascoli and Legnani.
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In pregnant animals Aschner found that removal of the gland is always followed by abortion. Adrenalin injections in animnals deprived of pituitary produced little or no glycosuria. In the adult the chief effect of the removal was the putting on of fat. The above sym-lptoms correspond with those described as signs of hypopituitarisrn by Cushing. This condition is marked by an increased tolerance to carbohydrates (Borchardt), the limit of alimentary glycosuria being markedly raised. Cushing believes that this has an important influence in determining the formation of fat. This tendency to adiposity occurs both in young Section of pituitary of dog throuigh the neck of the organ. Photograph magnified 160 diameters (Herring). 'a, intraglandular cleft; b, cavity of pars nervosa continued from infundibulum. Immediately above a is seen epithelium of pars intermedia, and from this cells and hyaline bodies are streaming through the pars nervosa towards the extension of the infundibulum (b). The specimen is from a dog whose thyroid had been removed nineteen days before the animal was killed. animals with pituitary lesions and also in the adult with partial removal or destruction, and is one of the most characteristic signs of the condition. But, as above mentioned, Cushing is of opinion that entire removal of the gland or even of the pars anterior alone is invariably fatal, although young animals may survive the operation for a few weeks.
xliv Schafer: Discussion on Disease of Pituitary Body It is seen, therefore, that the evidence regarding total removal is conflicting, and it is necessary that the point, which is important both physiologically and clinically, should be cleared up by further work.
Mere injury to the pituitary without removal may cause marked polyuria, which disappears after a few days. This probably explains the polyuria which sometimes accompanies fracture of the base of the skull.
Destruction by disease appears to be generally fatal within a certain period, but as there usually co-exist the various complications of an Growth curve of three groups of young female white rats; four animals in each group. All were fed on a mixture of bread and milk to which, in group t, a small addition of thyroid gland was made at and after *, which was doubled at **, while in groups o and p, an addition of ovarian and of pituitary, substance was added at the same time and in the same amount to the food. All the animals were about 1 month old at the commencement of the observations. intracranial tumour which may ultimately assume a malignant character, one must be careful in drawing conclusions regarding this result. The effects of disordered functions of the pituitary (dyspituitarism) have been elaborately worked out by Cushing, who has endeavoured with more,-or Sections of Neurology and Ophthalmology less success to correlate the symptoms which result from experimental lesions in animals with those produced by disease. Cases of dyspituitarism may commence with symptoms of increased growth and function (hyperpituitarism), and this may subsequently give place to symptoms of diminished growth and function (hypopituitarism), leading ultimately to those of destruction of the gland (apituitarism).
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FIG. 10.
A similar growth curve of three groups of young male white rats; three animals in each group.
EXPERIMENTS ON THE ADMINISTRATION OF THE GLAND SUBSTANCE AND ITS EXTRACTS.
Feeding with the fresh or dried gland substance is normally not attended with any obvious result even in growing animals (figs. 9 and 10). There is certainly no retardation in growth such as has sometimes been described, and the acceleration which has also been noted in some cases is probably accidental. But feeding with the gland substance in animals in which the organ has been experimentally removed or injured is attended by decided amelioration of the symptoms produced by the lesion (Cushing). Implantation of the fresh gland and subcutanzeous injections of saline extracts seem also to have no definite effect upon growth in the normal animal, although some observers have described retardation of growth as the result of such injections. Attempts to graftthe organ are usually unsuccessful. One result which is often obtained is a temporary polyuria which disappears as the graft becomes absorbed. Such experiments are more likely to be successful if the animal's own gland has been removed previously; under these circumstances Cushing has occasionally succeeded in obtaining a graft to hold.
Saline extracts of pituitary injected intrav'enously have a marked effect upon all involuntary muscles. They cause constriction of most of the blood-vessels of the body (Oliver and Schafer) (in the duck, Noeil Paton and Watson observed dilatation and not constriction); powerful and usually slowed action of the heart (Howell), the tone of which is increased; contraction of the bladder and uterus (Dale and Blair Bell); and of the bowel (Blair Bell); the pupil of the excised eye (frog) is dilated (W. Cramer). Glycosuria is also produced as the result of such injection. The action of the extracts is not, like that of the medulla of the suprarenal capsules, limited to parts supplied by sympathetic nervefibres, but seems to be a general and direct effect upon involuntary muscle, nor is the glycosuria produced by pituitary extracts caused by an action upon the pancreas as is the case with suprarenal glycosuria. The substance producing these effects is of a relatively simple chemical nature, is soluble in water and dialyzable, and is not destroyed by repeated boiling nor by long keeping in the dried state or in a sterilized solution; it is insoluble in alcohol and ether. A second dose administered shortly after the first is followed not by a second rise but by a fall in pressure, which resembles that caused by choline, although the depressor substance so obtained is not identical with choline (Schafer and Vincent). It is not certain that this depressor substance, which is soluble in alcohol as well as in water, is specific to the pituitary.
Another action produced by intravenous injection of pituitary extract is to excite or increase secretion in certain glands-viz., the kidney (Magnus and Schafer, Schafer and Herring) and the mammary gland during lactation (Ott and Scott, Schafer and Mackenzie). In the kidney (figs. 11 and 12) the increase of secretion is accompanied by dilatation of the renal arteries, so that the organ swells. The action is therefore different upon the renal vessels from that on the arteries in general, which are strongly contracted by it. The rise in bloodpressure produced by this general contraction is not the sole cause of the xlviii Schafer: Discussion on Disease of Pituitary Body increased secretion of urine; for a second. dose administered a short time after the first will again accelerate secretion; although the second dose may not cause any rise of general blood-pressure, but rather a fall. There is, therefore, a specific diuretic effect upon the renal epithelium.
It is one of the peculiarities of the active material that, as already indicated, a temporary immunity to its action is readily established. This is especially the case with its effects on involuntary muscle. The immunity is less marked, although not altogether absent, so far as the effects on secretion are concerned.
Regarding-the action of pituitary extract upon the mammary gland, intravenous injection is immediately followed by rapid secretion (fig. 13 ). The milk does not easily exude from the intact nipple; but, if the nipple FIG. 12. Effect of injection into the jugular vein of cat of 5 c.c. of an extract of the posterior lobe of the cod's pituitary (Herring). a, tracing of blood-pressure ; b, tracing of kidney volume (artificially lowered at arrow) ; c, record of urine drops; d, time in ten-second periods; e, signal of injection. be cut into and the ducts severed, milk pours from the gland. Intramuscular injection in the human (lactating) subject causes in the first instance a feeling of tingling in the breasts. This is followed by free secretion. In the goat, as the result of intravenous injection into an ear-vein, Ott and Scott obtained a vastly greater amount with five minutes' milking than had been obtained in the same period just before injection. In cows Gavin has found that the injection-whether subcutaneous or intravenous-although it may produce a determination of milk to the lower part of the udder, and an immediate increase of the milk obtained, does not increase the total amount yielded per diemt, nor is I Schafer: Discussioni on Disease of Pituitary Body the pars intermsledia (Herring). Since the pars nervosa is composed almost entirely of neuroglia, and this tissue itself is not known to yield any substance having the properties of the active material of pituitary, it is more than probable that this material is contained in the granules and hyaline bodies which have already been noted as passing from the pars intermedia through the pars nervosa into the third ventricle. The cerebrospinal fluid, ought, therefore, to contain this material also. It has in fact been found by Cushing and Goetsch that if the cerebrospinal fluid be concentrated over a water-bath the resulting liquor produces the same effects upon the blood-vessels when injected intravenously as those yielded by saline extracts of the posterior lobe of the pituitary.
According to the observations of Ott and Scott and of Mackenzie, the galactogogue hormone of the pituitary is also confined to the posterior lobe, and it is commonly assumed to be identical with that which causes the other effects upon blood-vessels, heart and kidney. But an experiment of Herring seems to show that it may be a distinct hormone; for he obtained a marked galactoaogue action from extract of the pituitary body of the skate (fig. 14) , without any of the other effects upon bloodpressure, heart and kidney. Herring also found an active hormnone in an extract obtained from the pars anterior of the cod. This extract produced a strong response in the mamnmary gland of a lactating cat. But as there was also caused a distinct rise of blood-pressure, which according to most observers is never obtained with extracts of pure anterior lobe substance, it is possible that there may have been in this case some contamination with material from the posterior lobe, which in the cod contains the active hormones in abundance.
SUMMARY AND CONCLUSIONS.
(1) The pituitary body is developed partly from the ectoderm of the buccal cavity, partly from that of the neural canal. It is therefore partly epithelial and partly nervous in origin.
(2) The portion derived from the buccal epithelium consists of ,two portions, termed the pars anterior seu glandularis and the pars interrnedia.
(3) The pars anterior is composed of large closely packed epithelium cells, between which are very numerous and large blood capillaries of a sinusoidal nature. Many of the cells are filled with cosinophile granules; some have basophile granules; others are clear or lii Schafer: Discussion on Disease of Pituitary Body through the agency of nerves, but it is much more probable that the gland produces its action by means of chemical agents or hormones which pass either directly or indirectly into the blood, and through this fluid influence other and distant organs.
(9) In the case of the pars anterior no such hormone has hitherto been separated. But there is reason to believe that the influence of this part of the gland on growth is not produced through nerves; for in the first place the pituitary receives but few nerve-fibres, and such as there are mainly go to the blood-vessels; and secondly, it is difficult to explain the effect of hyperplasia of thepars anterior in producing the hypertrophy of the skeleton which occurs in giants and acromegalics otherwise than by assuming that the enlarged gland is giving to the blood a greater amount than normal of a hormione which stimulates the growth of the skeleton, and probably of connective tissue generally. Such a hormone doubtless passes directly into the sinusoidal capillaries from the gland cells, which are sometimes arranged around the capillaries like the epithelium of an ordinary gland around its alveoli and ducts.
(10) In the case of the pars intermedia and pars nervosa (posterior lobe) a definite hormone can be obtained in solution. It is, however, doubtful if it has yet been fully isolated, although Houssay claims to have recently succeeded in obtaining it in a crystalline form. There seems no necessity to conclude with v. Cyon that the effects caused by -intravenous injection of extracts of the posterior lobe are produced by stimulation of nerves within the gland.
(11) The hormone obtained from the posterior lobe, to which various names-such as pituitrin, infundibulin, hypophysin-have been given, resembles in sonme of its effects the hormone obtained from the medulla *of the suprarenal capsules, but it is both chemically and physiologically a different body, appearing to act directly upon the protoplasm of cells and not, as in the case of the suprarenal hormone, upon that portion of the cell with which the sympathetic fibres are connected.
(12) It is at present uncertain whether there is only one hormone present in the saline extract of the posterior lobe. It is, however, probable that the effects upon secretion are brought about by a different agent or agents from that which causes contraction of involuntary muscle.
(13) The hormone or hormones of the posterior lobe appear to be formed from certain cells of the pars intermedia, which undergo enlargement and degeneration into hyaline and granular bodies. These bodies push their way or are forced through the interstices of the neuro-
